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@DD* production: boson-gluon-fusion

Dominant process for charm-
production in ep -scaftering:
. k k

Kinematic at /s ~ 320 GeV:
» Photon Virtuality:

Q?=—q>=—(k— k)

E(e)=27.5 GeV

Q? ~ 0 GeV? Photoproduction
¢ Q? > 2 GeV% Deep Inelastic Scattering
* |nelasticity: Bjorken x: 5
Y = vl €T o= ¢
] kp 2(p-q)
E(p)=920 GeV D* via Fragmentation: )
g X » Pseudorapidity: n = Intan (é)
P ® Transverse momentum:  py¢
» Elasticity:  E(D*) = pu(DY)
: : T 2-yE,
Study production mechanism: e

» @°, m?_or p’ provides a hard scale for pQCD
o Test of heavy flavor tfreatment in pQCD
» Parton densities (“gluon structure”) in the proton = test universality

= multiscale problem
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@D Theoretical models

Factorisation ansatz:

do = Z f ;B (w9, pr) & doj—px(py) ® Df (2, fir)
'E-gjgk * \ \

Parton density functions (PDFs): Matrix element: calculable Fragmentation function:
from global fits to data to different oders of a from data

Many approaches on the market:
» LO(@) +PS: - collinear factorization  RAPGAP (DGLAP, massive)

- k. facforization CASCADE (CCFM, massive)
(all MCs use Lund fragmentation (uds) and Bowler (c)

o NLO(GS"’): - Collinear factorization HVQDIS (DGLAP, FFNS, massive,
independent Fragmentation)

/MVENS (DGLAP, ZM-VENS, massless,
KKKS08)
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@D Theoretical models

Factorisation ansatz:

do = Z f ;B (w9, pr) & doj—px(py) ® Df (2, fir)
'E-gjgk * \ \

Parton density functions (PDFs): Matrix element: calculable Fragmentation function:
from global fits to data to different oders of a, from data

Many approaches on the market:
3 NLO(OS2): HVQDIS (FFNS, massive) VS. /MVENS (ZM-VENS, massless)
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dDEvent selection & techniques

* Scaftered electron in
For\rflvgr(si directions Backwardndié%ctions backward calorimeter:

5 < Q?< 100 GeV?
» High statistic region of DIS
SPACAL Calorimeter

O e
J rotons

- =l Central Jet Chambeérs

LAr Calorimeter

electrons 5 —

* Tracks reconstructed in
Central Jet Chambers

Experimental technigues:

- Fully reconstructed D*: k+ 0=+ T4\t
Y D — D Tglow (K T )ﬂ_slow
total BR of 2.57%
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dDEvent selection & techniques

D*in DIS: > Decay: D= — Dimg,, — (KFm5)m,,
8000 — _*_ Hiprelminary * Higher resolution in mass difference:
------- Signalgﬁt AM = MKt — MK

N(D*) = 24705 + 343

» Select events by mass difference AM

* Apply dE/dx to reduce bg

» Well understood detector allows
phase space increase in p.and n:

I 5<Q? <100GeV? 0.02<y<0.70

III‘I“L’-L-LLL balaldal N o PP e |
45 0.15 0.155 0.16 0.165 0.17

M(Kxz) - M(Kn) [GeV] P.(D%): > 1.25 GeV In(O*)1:<1.8

Entries / 0.5 MeV
S S
S S
| |

2000 —

wwwII.LL-'\:\\
0.135 0.14 0.1

0

DIS sample (int. Lum. = 347 pb):

» Full HERAIl data set: ~24700 D* mesons (~10x HERAI statistic)
» Born-level cross sections by correcting for radiative effects
» Use regularized Matrix Unfolding for treatment of migrations
» Total systematic error: ~ 7.6%
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@D* prOdUCtIOn IOW QZ Link: H1lprelim-10-172

> __H1 Preliminar — &~ Hi data (prel,) ;
o 10¢ y % HVQDIS (MSTW2008f3) 1
g ey T HVQDIS (CT10f3) | Error estimation of the NLO calculation using
c 1 a =T parameter variation:
£ 10 & -
e 107 = charmmaoss:  1.3<m_<1.7 GeV
S 102 = ' 5 renormalization & factorization scale:
8 1¢° i = 05<p, /1 <2
S . 5 with i ? = Q"+ 4m ?
fragmentation: at threshold (s < 70 GeV?)
7 a(Kartvelishvil) = 6.1*97
%W’ s> 70 GeV?
. a(Kartvelishvili) =3.3 £ 0.4

125 2 3 4 5678910 20
p,(D*) [GeV]

y = N Rrorm

Shape comparison

via normalized ratio: - All normalization uncertainties in data & NLO are removed in
1o, A RN only shape comparison

" 1/glata " dolet o Data are reasonable described by HVQDIS

dY
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@D* prOdUCtIOn IOW QZ Link: H1lprelim-10-172

Shape comparison

via normalized ratio:

p.(D%) [GeV]

S —e— H1 data (prel.)

® 10 = H1 Preliminary % HVQDIS (MSTW2008f3) 1

o 8 o SET HVQDIS (CT10f3) E

c = =

5 107 F - E

VI— - -

e [ _

T 107 ' E

8 10% £ E

£

2

oc /
125 2 3 4 5 678910 20

- cale docale
. l/gt‘of._t'-is Ay

- data dgdata
1/O.tot.t'z's CTAdY

do / dn(D*) [nb]

Rnorm

N

-t

1.2

0.8

—e— H1 data (prel.)

3 — H1 Preliminary 444644 HVQDIS (MSTW2008f3)

+ f

- HVQDIS (CT10f3)

e Data are reasonable described by HVQDIS

» Forward direction: HVQDIS slightly undershoots data
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@D* production: lo

@ —e— H1 data (prel.)
= = H1 Preliminary eezs HVQDIS (MSTW20083)
(O] e B S HVQDIS (CT10f3)
8 [ A
= s M
-1 — —
gl == -
O - ]
_8 Y S i
10° £
£
2 12 —
1 ZZ.
0.8 .
6 7 8910 20 30 40 50 10?
Q? [GeV?]

Rnorm

0.5

» HVQDIS describes nicely the @* dependency
s Slope in x not very well reproduced!
» Double differential y-@* has also been measured, can be used fo extract F° (X,Q%)

—e— H1 data (prel.)

H1 Preliminary %4644 HVQDIS (MSTW2008(3)

2 Link: Hlprelim-10-172
w Q P

[po=o=osod HVQDIS (CT10f3) E

—— =

E. L . L L ;

1 N Ll a
10 107 1072

X
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@D* productlon low Qz Link: H1prelim-10-172

- 1.25<p (D") <2.00GeV - "~ 2.00 <p,(D*) < 2.75 GeV

=
S 8 u |
2 1_5 L H1 Prellmlnary 1 2 1
o 1L $ . a" T TS AL
= " T mar ey N © 0.5 S e
S 0.5 m;;;l;;;ll'l'l};-lllllllll,,,Illl”””’ 5
Nb i Nb
© 035 1 05 0 05 1 15 ©
n(D*)
> 06F 275<p(D)<400GeV - 3
S : { ¢
Q0 Q0
E o4l 4 £
Q_l- | H_ Q_l-
T T
Y 5
© 035 1 05 0 05 1 15 ©
n(D*)
g 1oL 800 <Py(D?) < 20.00 GeV —e— H1 data (prel.)
S ] 7
= sz HVQDIS (MSTW2008(3)
l—
8 o005 | 000 B - HVQDIS (CT10f3)
S i
R ==
o 0=

s In general n(D*)-p(D*) cross section reasonable described by HVQDIS
» Forward direction: HVQDIS undershoots dafa located at low p (D)
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@D* pFOdUCl'Ion IOW QZ Link: H1lprelim-10-172

< —e— H1 data (prel.) Q - —e— H1 data (prel.)
> H1 Preliminary  _ 2 7uveng cTeqesm) | S, 104 £ H1 Preliminary 2220 7 Vens (cTeqsem)
0 mimimimss HVQDIS (CT10f3) 3¢ E 5520000 HVQDIS (CT10f3)
S~ | _ -c -
e . p* (D) >2GeV| | = 10° E E‘% p*(D*) >2GeV| =
S - == ] 102 £ =
~ - —— . = .
b - —]
B 102 — — = M°0:« =
- ~ ~ = *—
£ C ] = C ]
%: L %: 3
b r Rz -
1 ° . .
05 . . . ., . T e
6 7 8910 20 30 40 50 102 10™ 103 102
Q? [GeV?] X

- For comparison with ZM-VENS: Cut in photon-proton rest frame: p *(D*) > 2 GeV
- /M-VENS: Theoretical uncertainty taken from scale variations

» Reasonable description of @* by both NLO calculations, HVQDIS is better in shape
s /M-VENS predicts completely different slope in x & fails especially at large x
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@D* productlon low Qz Link: H1prelim-10-172

—e— H1 data (prel.)

oY
c 1 4 © 7 H1 Proliminary 44442 ZM-VFNS (CTEQS6M)
- % cimimim HVQDIS (CT1013)
N o) —
S ::(2) = p*(D*) >2GeV| -
8 G :
C— T - -
6 : ]
4 e E
2 i_ e _i
£
5 2.5 1
c o é i
15 F B
1 HH e F ottt $

@ As seen in x also in y ZM-VFNS fails completely!
» HVQDIS overshoots af low y
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@D* productlon low Qz Link: H1prelim-10-172

14
12
10

8

do / dy [nb]
Illlllw\

N B O

Rnorm

-
- U1 N Ol

H

—e— H1 data (prel.)
1 Preliminary Liiii ZMVEN

S (CTEQ66m)

Eimimiml HVQDIS (CT1013)

p* (D*) > 2 GeV

S
% ]
7
Z ]
L e = —— ==y S $
01 02 03 04 05 06 0.7
y

|—|

do / dz(D*) [nb

Rnorm

10
8

6

0.5

@ As seen in x also in y ZM-VFNS fails completely!
» HVQDIS overshoots at low y
s 2(D*) reasonable described by ZM-VENS & HVQDIS

—e— H1 data (prel.)

H1 Preliminary 4644 7ZM-VFN
T HVQDIS (CT10f3)

p* (D) > 2 GeV

S (CTEQ66m)

== — =

:....|....| ........ [ B B |!““"’="“ﬂT

i | wrsrsvrsssti N ]
e s T

- | 4

0 010203040506070809 1

z(D%)
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@D* productlon /OW Qz Link: H1prelim-10-172

—e— H1 data (prel.) —e— H1 data (prel.)

o a
= 14 / H1 Preliminary . zm.vens (cTEQs6M) = | H1Preliminary . \1yqpis (usTwz200813)
- % S HVQDIS (CT10f3) —~ ST HVQDIS (CT10f3)
3 ::(2) = p* (D) > 2GeV| - % 10 — _;W% _
0 = -4 N $ 32
S - . ] AT |
8EiT; Sl AP A,
SaaRl s & ] Qo A '
6 .- T . . O 5 + +/ —
-~ =SS — e
2 = Lﬂ:l:ﬁ:::l . r_: = W
E :u | PR R T A SR R T T T T S | I BT - E 0 v by by by by by by gy | T RTINS SN B R R
5 25 % B
C - 4 0B 92r
1.5 _A | ,//
1Ho+o+o+—o 06 & * 1 ¢ ’ +
01 02 03 04 05 06 0.7 0 0.2 04 0.6 0.8 1
y z(D*)

@ As seen in x also in y ZM-VFNS fails completely!

» HVQDIS overshoots at low y

s 2(D*) reasonable described by ZM-VENS & HVQDIS

s Without the addifional pT*(D*) cut HVQDIS fails to describe z(D*)
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dDConclusions

» Full H1 HERA Il data sample analyzed for low Q*D* production:

s Increased phase space inn and p;

» HVQDIS describes data quite reasonable

» /M calculation fails To describe x (and vy)
* The final word on D* in DIS from HERAII

D* in DIS

do / dQ? [nb/GeV?]

102

H1 Prelimi —e— H1 data (prel.)
1 reliminary ..... HvapIS (MSTW200813)
S HVQDIS (CT1013)

E
e 1.2 b
o« 11 A,
2%,
0.8 \
6 78910 20 30 40 50 10?
Q? [GeV?]

do / dx [nb]

D* in DIS

10 ;fH1 Preliminary H1 data (prel.)

%4444 HVQDIS (MSTW200813)
g e HVQDIS (CT1013)

grom  do / dp_(D*) [nb/GeV]
3
[

2 3 4 5678910
p,(D*) [GeV]

D* in DIS

[~ H1 Preliminary . ____ jvqpis (MsTwz00813)

—e— H1 data (prel.)

e HVQDIS (CT10f3)

D* in DIS
E L —e— H1 data (prel.)
£ H1 Preliminary .. vqpis (MsTw200813)
10° £ === HVQDIS (CT10f3)
3 L =
10 : 3 3
102 = g L
N E 2+
10 5
E ) b
S
15F - 1
F3 FY A @ i
1 L4 Wt 4
J’zz‘z o
E
0 5 Lot I | g 12}
10" 10° 10?2 o e
X
08
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dDBackup
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&DD* production: low Q%

do / dQ@? [nb/GeV?]

Rnorm

—e— H1 dat 1) = e
_—H1 Preliminary ..... RAP%/?\P (rce;TEaeaM) 'E - H1 Preliminary ..... Elxgétﬁép(rglf)lzo%lvl)
= — — RAPGAP (CTEQSII) —_ L — — RAPGAP (CTEQS8II)
3 ——— CASCADE (A0) ] _¢>§ 10" £ ——— CASCADE (A0) |
10 T - 4 10 E
- T — o = - m
- 3 10? 3 E
2 | ] - ]
107 ¢ 102 "
£ C ]
1.2 o 1.5 ammmmemmeme—a—a-
o
1 = ) SIS S —
0.8 B
L] . . . . o 0.5_..| . L] . o ]
6 78910 20 30 40 50 102 10 107 1072
Q? [GeV?] X

» Q% reasonable described by either RAPGAP or CASCADE
s Compared to HVQDIS the MC describe the slope in x
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!

S - —e— H1 data (prel. =) o e— Hi dat |
% 10 = H1 Preliminary  ..... RAPGAF(P(CT)EQ%M) D 3Hi Preliminary -.... RApéﬁp(ap(rgT)EQ%M)
o — — RAPGAP (CTEQSlI) — — — RAPGAP (CTEQSII)
a 4C —— CASCADE (A0) B g - ——— CASCADE (A0)
c - 5
=l 15 7 S Te: e sl too
L®
g 10 S I O s ala ks snent i) §
Q_l_ - — - -8 |:§-_=|T' -------------------- L e
T 107° = E 1 — |
o L Pa— l i
T 10 g— '-é-a-éa
' 0 s | | | | | |
£ £
g g
e 1.5- 1 %

2 3

4 56780910 20
p,(D*) [GeV]

» Reasonable description by RAPGAP
@ CASCADE is doing a good job in D* variables

E A. Jung

D* production in deep-inelastic scattering at low Q° 18



@D* product/on low Q?

= ~ 1.25<p (D) <200GeV | 3 "~ 2.00 < p, (D) < 2.75 GeV
% 1_5 .k Prellmlnary - S.:- 1 7
S0 = S
° | °
R = — o — == R
: - 1P
© 035 1 05 0 05 1 15 ©
n(D*)
3 06 275<p(D')<4.00GeV - 3
O : { ¢
Q e
= =
g g
5 - 5
© 035 1 05 0 05 1 15 ©
n(D*)
§ 6.00 < p_(D*) < 20.00 GeV —e— H1 data (prel.)
s T mmes RAPGAP (CTEQ66M)
5T 1 = — RAPGAP (CTEQSlI)
S ——— CASCADE (A0)
©
5
©

(1
>
c
3
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@DThe HERA Collider (1994-2007)

Collected Data samples:

400 I I I | I I [ I I I [

| = electrons
- —— positrons
L = low E

300 —

200 -

H1 Integrated Luminosity / pb”
I

100 -

! \ 1 ! |
0 500 1000 1500

Days of running

--> Two multi-purpose detectors: H1 & Zeus
--> Collected Luminosity: HERAI + HERAIl ~ 0.5 fb'
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dDFragmentation function

* |f a hard scale is involved: 11 Preliminar
- jet- & hemisphere method agree well pa, default| 1 o y oz
- FF also agrees with ZEUS and LEP data 7. Djet
* [f no hard scale is involved: Cas. defaultf- + — —e—Z,,,, ho D*jet
- discrepancy af charm production Rap. Aleph | - P
threshold in QCD models
- much harder fragmentation Cas. Aleph - « —
More information: HVQDIS | =& +—e—
http://arxiv.org/abs/0808.1003v2 2' ' '4' : .6. : '8' ' '10'
04
® Fragmentation uncertainty from FF values
for charm production:
HVQDIS: CASCADE: RAPGAP:
at-threshold: a=6.0"573 a=38.2x1.1 8.7 << 12.2

above-threshold: a=33+04 a=4.64+0.6 3.9 <a < 5.0

@ Threshold position from s (cms energy of
hard subprocess): 70 £20 GeV2  70+£20 GeV? 70+ 20 GeV?
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